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Abstract 
Zinck, John. M.S., Department of Earth and Environmental Sciences, Wright State 
University, 2010.  How the Growth of the Frampton Fold Affected the Growth of 
the Green Knoll Diapir. 
 
 The growth of structural features formed by the movement of the Louann 
Salt within the study area follows a fold-first model (Rowan et al., 2000), in 
which the formation of the Frampton Fold predates the formation of the Green 
Knoll Diapir.  The Frampton Fold was formed during two growth episodes driven 
by movement of the Louann Salt within the study area.  The folding and faulting 
resulting from these growth episodes created a conduit through which the 
autochthonous Louann Salt was extruded to the sea floor during the Pliocene.  
Following a depositional episode consisting of the early sequences of the 
Mississippi Fan deposition, the growth of the Green Knoll Diapir commenced at 
approximately 500 thousand years ago. 
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I. Introduction 
The Gulf of Mexico has been the focus of exploration for over 60 years, 
since the first oil well was drilled in 18 feet of water.  New fields along the 
edges of the Sigsbee Escarpment and the subsalt region will become more 
important to the world oil markets, since the demand for oil will only expand 
in the future.  This study will focus on the Central Gulf of Mexico, just on the 
outside of the Sigsbee Escarpment (Figure 1).  The focus of previous 
exploration for this area has been the shallow pay zones that are trapped by 
the extensional fault blocks that formed from  the extension of the Sigsbee 
Salt Nappe.  In the past decade interest in the area has renewed by recent 
find in the sub-salt region.  The billion barrels plus finds of the Mad Dog, 
Neptune, and Atlantis fields concentrated on the salt-cored anticlines 
overlain by allochthonous salt of the Sigsbee Salt Nappe, in areas just north 
of the study area.  This study will look at how the formation of the Green 
Knoll Diapir was affected by the formation of the Frampton Fold.  The 
analysis of the growth for this study area will better assist geologist 
understanding of a complex region that is home to many large oil fields.   
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Illustration from Grando & McClay (2004), showing the study area in relation to 
the Gulf coast 
The area examined in this study is located to the south of the Sigsbee 
Escarpment in the northeastern Gulf of Mexico approximately 150 miles from 
the Louisiana coast.  A previous study from Grando and McClay in 2004 
focused on the Frampton Fold as a model for salt-cored anticline fold belts 
that are obscured by allochthonous salt layers above.  The study area for 
Grando and McClay represents this focus and concentrates on the area in the 
east of the present data area, and further towards the north where the 
allochthonous salt layer of the Sigsbee Salt Nappe overlays the 
autochthonous salt layer, of the Louann salt (Figure 2).  In order to 
accomplish this Grando and McClay focused more along dip of the Frampton 
Growth Fold, and stopped along strike of the Frampton Fold where it meets 
with the Green Knoll Diapir in the west. 
Figure 1:  Regional Map 
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The purpose of this study is to observe the interactions that occurred 
between the Frampton Fold and the Green Knoll Diapir as they formed in 
order  to determine which growth model was followed: a diapir-first model or 
a fold-first model.  In order to accomplish this, the study area for this study 
will focus more along strike of the Frampton Fold, and west beyond the 
Green Knoll Diapir (Figure 3).  In order to better understand the interaction 
between the Frampton Fold and the Green Knoll Diapir during their 
formation, the study area has been broken up into three separate sections for 
this study; they are described in the following sections, and are shown in 
Figure 4.    
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Figure 2:  Grando & McClay study area 
Study area of the Grando & McClay study from 2004, adapted from Grando & 
McClay (2004). 
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Figure 3:  Current Study Area with Seismic Line Locations 
Overall study area of this study, with the locations of the seismic lines present in 
this study.  Image modified from Grando and McClay (2004) 
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Figure 4:  Sections of the Study Area 
Illustration showing the location of the three sections from the current study.  
Image modified from Grando and McClay (2004). 
  
East Branch 
The East Branch is in the eastern section of the study area and 
encompasses most of the Frampton Fold, and was part of the major focus for 
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Grando and McClay in 2004.  The eastern limit of the East Branch section is 
the eastern limit of the data in this study.  The western limit of the East 
Branch is where the allochthonous salt of the Green Knoll Diapir overhangs 
the lower autochthonous salt that makes up the Frampton Fold (Figure 4). 
West Branch 
The West Branch section is in the western section of the study area and 
encompasses the western side of the Frampton Fold.  The western limit of the 
Western Branch is just inside the western limit of the data area.  This was 
done to avoid complications with a salt diapir that appears near the western 
limit of the data.  The eastern limit of the Western section is near to the limit 
of the allochthonous salt of the Green Knoll Diapir (Figure 4). 
 
Green Knoll Section 
The Green Knoll section encompasses the massive Green Knoll Diapir 
that dominates the western half of the study area.  The western limit of the 
Green Knoll section is the eastern limit of the Western Branch section, while 
the eastern limit of the Green Knoll section is western limit of the Eastern 
Branch (Figure 4). 
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Geologic Setting 
Pre-Jurassic 
Prior to the formation of the Gulf of Mexico, the current study area was 
part of the interior of the supercontinent of Pangea.  During this time, the 
future location of the Gulf of Mexico was underlain by thick continental crust, 
with the Appalachian Mountains to the northeast, and trending towards the 
location of the Gulf of Mexico, in what is known as the Appalachian – 
Mauritanide mega structure.  This mega structure was a result from a late 
Paleozoic orogeny caused by the closing of the proto-Atlantic (Wilson, 1966).  
 
Jurassic 
Rifting 
During the Early Jurassic, Pangea began to rift apart close to the present-
day location of the Gulf of Mexico.  As the rifting progressed, the composition 
of the crust beneath the Gulf of Mexico changed from the thick continental 
crust of the Appalachian-Mauritanide mega structure, to a transitional 
continental crust, and eventually to the thinner oceanic crust that currently 
underlies the central Gulf of Mexico (Wilson, 1966).  The current study area 
lies near to the interface of the transitional continental crust and the thinner 
oceanic crust.  As the rifting of the Gulf of Mexico continued through the 
Jurassic, the plates began to cool as they moved away from the spreading 
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centers, causing the Gulf of Mexico to begin to subside by the means of 
thermal subsidence (Salvador, 1991b).  As the Gulf continued to expand the 
mainland of Mexico acted as a barrier blocking the flow of the Pacific Ocean 
into the Gulf of Mexico (Salvador, 1991a).  This led to a terrestrial 
depositional environment in which the formation of continental clastic 
deposits was possible (Salvador, 1991a). 
 
Louann Salt Formation 
The deposition of the Louann Salt predates most of the deposition within 
the study area.  The timing of the Louann Salt deposition had been the 
subject of debate during the early stages of the exploration of the Gulf of 
Mexico.  However the current assumption is that the autochthonous layer of 
salt was deposited during the Late Jurassic as the thermal subsidence 
continued, creating pockets of low lying terrain that were separated from the 
Pacific Ocean by a thin strip of what is now mainland Mexico.  Periodically 
the barrier would be breached by the Pacific Ocean during high tides or storm 
events (Salvador, 1987).  As the seawater would evaporate from the low-lying 
areas it would leave behind salt in the deepest of the depressions and 
evaporites on the fringes of the depressions (Salvador, 1987).  The periodic 
breaching of the mainland Mexico barrier by the Pacific Ocean would not be 
able to account for the amount of salt that is present in the Gulf of Mexico 
basin.  The majority of the salt most likely originated in the late Jurassic as 
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the barrier of mainland Mexico (Figure 5) gave way and allowed an inflow 
into the proto-Gulf (Salvador, 1991a).  The amount of salt present in the Gulf 
of Mexico basin points to a system, in which the inflow from the Pacific Ocean 
was severely outweighed by the outflow from evaporation, leaving behind salt 
deposits of approximately 300 meters thick across much of the Gulf of Mexico 
(Hall, 2002). 
 
Figure 5:  Rifting of the Gulf of Mexico 
Illustration showing the progression of the development of the Gulf of Mexico 
(Iturralde-Vinent, 2003). 
 
Lower Cretaceous 
During the early parts of the Lower Cretaceous the active rifting of the 
Gulf of Mexico continued to occur, allowing the seafloor near to the rifting 
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zone to remain at shallow depth.  This was caused by the continued heating 
of the lower basement strata within the study area, preventing thermal 
subsidence from occurring.  This shallow depth resulted in a shallow marine 
depositional environment to be present within the study area, which allowed 
the formation of the carbonate lithologies that are present in the lower 
sections of the Challenger Sequences.  As the rifting of the Gulf of Mexico 
came to a conclusion, thermal subsidence of the crust began to take place as 
the heat from the rifting began to dissipate causing thermal contraction of 
the rocks in the basement to occur (Figure 5) (Salvador, 1991a).  The result 
was a subsidence of the seafloor, causing a deepening of the Gulf of Mexico.  
This caused the sediment deposition environment to change from the shallow 
marine depositional environment in which carbonate production was 
occurring, to a deeper marine depositional environment that was conducive to 
the formation of shales, chalks, and marls (Wu, Vail, & Cramez, 1990a).   
 
MCSB 
 During the Middle Cretaceous, the Gulf of Mexico had filled enough 
that the depositional environment had changed to a deep marine 
environment.  During this period there was a basinwide unconformity that 
occurred at the boundary between the Lower and Upper Cretaceous; this has 
been called the Middle Cretaceous Sequence Boundary, or abbreviated 
MCSB.  The leading thought on the formation of the MCSB is that during the 
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period prior to the formation of the MCSB the Gulf was previously filled 
enough to allow deep marine sedimentation to occur.  Then, during the 
formation of the MCSB, a slight lowstand occurred, in which the water level 
in the Gulf of Mexico decreased enough to allow strong deepwater currents to 
form.  As these currents circulated they eroded some of the recently deposited 
deep marine sediments, leaving behind the basinwide unconformity that is 
observed (Weimer & Buffler, 1992).    
In recent years there have been a few studies that call into question the 
placement of the MCSB between the Lower and Upper Cretaceous.  These 
studies using new well data from the Atwater Valley have placed the MCSB 
at the end of the Upper Cretaceous, making it the boundary between the 
Upper Cretaceous and the Cenozoic (Iturralde-Vinent, 2003; Dohmen, 2002).  
This study will be following the convention used by Grando and McClay in 
2004, asserting that the MCSB formed during the Middle Cretaceous and 
that the MCSB and the Upper Cretaceous-Cenozoic boundary are separate 
events. 
 
Post-MCSB 
 By utilizing the current convention of placing the MCSB at the Middle 
Cretaceous, it will continue to keep the deposition of the Campeche during 
the Upper Cretaceous for this study.  At the start of both the Upper 
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Cretaceous and the deposition of the Campeche sequence, thermal subsidence 
and sediment deposition rates became balanced, with previous isotopic 
studies of sediments and rocks in the area determining that of the Gulf of 
Mexico reached a depth close to the depth of present-day, and remained near 
to that depth during the deposition of the remaining units (Weimer, 1990).  
With the deep marine calm depositional environment that was present 
within the study area at this time the Campeche is composed of deep water 
chalks and marls (Feng & Buffler, 1991; Wu, Vail, & Cramez, 1990a). 
 
Figure 6:  Deposition Centers 
Illustration showing the changing deposition center of the Central Gulf of Mexico 
(Salvador, 1991a) 
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Miocene 
Prior to the Miocene, the deposition centers were located in areas of 
present-day Central Louisiana, East Texas, and the Texas Gulf Coast.  
During the Miocene, the deposition center changed to locations on the 
Louisiana Gulf coast (Figure 6).  The change in the deposition center placed a 
higher sediment load in the offshore area that had not previously experienced 
high sediment loads.  The increased sediment load in the area led to salt 
mobilization over large sections of the Gulf of Mexico that eventually would 
lead to the formation of the Sigsbee Salt Nappe.   
 
Post Miocene 
The post-Miocene deposition centers moved offshore, to locations closer 
to the study area (Figure 6).  The influx of sediment to areas deep offshore led 
to the thick formations of the Mississippi Fan (Iturralde-Vinent, 2003).  The 
increased sediment load of the period, in areas that had not received high 
sediment loads before, would cause the remobilization of the Louann Salt in 
the later stages of deposition of the Mississippi Fan. 
 
Rock Descriptions 
The basement rock that is present in the study area is a combination of 
transitional continental crust or thin oceanic crust that was formed during 
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the rifting of the Gulf of Mexico (Grando & McClay, 2004).  The basement 
rock is overlain by the continental clastics, also known as the "red beds", 
which were formed in the terrestrial environment that was a result of the 
initial rifting of the supercontinent of Pangea.  It is upon these beds that the 
deposition of the Louann Salt occurred during the late Jurassic (Iturralde-
Vinent, 2003; Salvador, 1991b).  The imaging of these beds in the seismic 
record is somewhat difficult due to the depth and the presence of the salt 
above the strata in which they are located.  Within seismic record of the 
current study, these red beds are intermittently visible as continuous 
reflectors beneath the autochthonous Louann Salt (Figure 7).   
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Figure 7: Seismic Stratigraphy 
Seismic display from the study area showing the boundaries of the main rock 
units, with age boundaries from Grando and McClay (2004). 
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Above the Louann Salt are the Challenger Sequences that began 
deposition in the Late Jurassic.  The Challenger Sequences are thought to 
progress from a limestone composition to a composition of chalks and marls 
(Weimer & Buffler, 1992; Winker & Buffler, 1988).   This progression of the 
Challenger Sequences would correspond with the geologic activity during the 
Lower Cretaceous in which the study area of the Gulf of Mexico underwent 
thermal subsidence cause by the completion of the rifting of the Gulf of 
Mexico.  Within the study area the Challenger Sequences show up at varying 
depths due to the structure of the study area, but the early sections are 
characterized by discontinuous moderate amplitude reflectors within the 
seismic record of the study (Figure 7).  The upper layers of the Challenger 
Sequences are also characterized by onlap layers that are present as a result 
of salt pillowing that was occurring concurrently during their depositio 
(Figure 8).  The end of the deposition of the Challenger Sequences 
corresponds with a continuous high amplitude reflector at 96 mya which 
marks the boundary between the Early Cretaceous and the Late Cretaceous, 
in a feature that is known as the Middle Cretaceous Sequence Boundary, or 
the MCSB (Figure 7).  The water depth of the study area, coupled with the 
depth at which these strata are located within the rock column, means that 
much of the information about these lower strata are gathered from areas 
around the edges of the Gulf of Mexico, where they are more accessible.  
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Physical data from the study area on these lower strata is not expected to be 
available in the near future. 
 
Figure 8:  Challenger Sequence Onlap Layers 
Seismic display from the study area (Location shown on Figure 3) showing the 
internal onlap structures present in the late stages of the Challenger Sequences.   
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Following the deposition of the deep water Challenger Sequences and 
the formation of the MCSB, deposition of the other deep water formations in 
the study area continued with the deposition of the Campeche, the Lower 
Mexican Ridges, the Middle Mexican Ridges, and the Upper Mexican Ridges.  
With the exception of the Upper Mexican Ridges the rest of the formations 
were the result of deep water sedimentation, and are comprised of deep 
marine shales, chalks, and marls (Feng & Buffler, 1991; Wu, Vail, & Cramez, 
1990a).  On the seismic record in the study these formations appear as 
continuous sediment packages with low to moderate amplitude continuous 
parallel reflectors (Figure 7).  When the Upper Mexican Ridges are 
encountered at 15 mya, the deposition environment changes from a calm 
deepwater depositional environment to an active deepwater depositional 
environment in which coarse-grained marine turbidite deposition began to 
occur, becoming the first turbidite deposits in the study area (Weimer & 
Buffler, 1992; Feng & Buffler, 1991).  A change in the location of the 
deposition center corresponds with this change in depositional environment, 
showing that the deposition center had reached close enough to the study 
area that the effects of terrestrial sedimentation was becoming an increasing 
factor in the region (Figure 6).   This is shown further in previous studies that 
have shown the sediment in the Upper Mexican Ridges have a higher 
concentration of the siliclastic within the formation than that of the lower 
strata (Weimer & Buffler, 1992; Feng & Buffler, 1991). 
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At the start of the Pliocene, the deposition changes from the deep 
marine turbities of the Upper Mexican Ridges to the start of the channelized 
deposits of the Mississippi Fan.  The Mississippi Fan has been the subject of 
numerous studies of the region, with the general consensus being that the 
complete Mississippi Fan is the combination of 17 mass transport sequences, 
which start with the Cinco de Mayo Sequence at 5.6 mya, and progress 
through to the present-day (Table 1) (Weimer, 1990).  Through erosion and 
selective deposition throughout the Mississippi Fan it is rare to find all 17 
sequences present within an area.  Within this study area only 13 of the 17 
are present, including the Cinco de Mayo Formation (Weimer & Buffler, 
1992).  The boundary for each of the sequence layers is a separate mass 
transport event that overlays or erodes previous mass transport events.  
Included in the sequences are a series of channel events that will assist in the 
timing of growth features that are present in the Mississippi Fan (Weimer, 
1990).  They are numbered by their corresponding sequence number from 
oldest to youngest, and lettered from youngest to oldest within the respective 
sequences (Figure 9).  Within the Mississippi Fan deposits there are a few 
channel events that pass through the study area.  Particular attention will be 
paid to these channel systems that are present within the study area. 
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Mississippi Fan Sequence Number  Sequence Age  
17  Present – 0.023 mya  
16  0.023 mya – 0.040 mya  
15  0.040 mya – 0.055 mya  
14  0.055 mya – 0.071 mya  
13  0.071 mya – 0.450 mya  
12  0.450 mya – 0.500 mya  
11  0.500 mya – 0.600 mya  
10  0.600 mya – 0.700 mya  
9  0.700 mya – 0.800 mya  
8  0.800 mya – 1.1 mya  
Table 1:  Mississippi Fan Sequence Ages 
Ages of the Mississippi Fan Sequences (Dixon & Weimer, 1998; Dixon & Weimer, 
1994) 
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Figure 9:  Mississippi Fan Channel Locations 
Illustration from Weimer (1990) showing the various mass transport channel 
sequences that exist over a larger regional area of the Mississippi Fan. 
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Previous Chronostratigraphy 
 The chronostratigraphic of the East Branch had previously been the 
subject of two separate surveys.  Wiemer's multiple studies focused on the 
upper strata of the Mississippi Fan in detail, while Grando and McClay's 
study focused on the lower strata of the area, beneath the Mississippi Fan.   
Grando and McClay’s study referred to the different sections within the 
chronostratigraphy as megasequences, while this study will refer to separate 
growth and deposition periods as episodes. A composite of these studies yields 
a chronostratigraphy described in the following sections.   
A deposition episode describes a period where there is only deposition 
or erosion occurring, where a growth episode will describes a period where 
the deposition or erosion is occurring concurrently with growth in region.  
This growth associated with the movement of salt within the study area, and 
could be a result from active growth driven by folding or faulting, or passive 
growth as a result differences between the rate of diapiric growth and the 
sedimentation rate.   The result of Grando and McClay’s (2004) study was 
that the chronostratigraphy of the East Branch was divided into 5 
chronostratigraphic sections and are illustrated in Figure 10.  This compares 
to the current study that comes to the conclusions that the growth of the 
study area was a result of 6 chronostraigraphic sequences, as illustrated in 
Figure 11, and are described in further detail in the results section of this 
study. 
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Rifting and First Deposition Episode 
The rifting of Pangea began during the Jurassic period near to the current 
study area.  The initial rifting of the study area created an environment in 
which the deposition of continental clastics that are present within the study 
area was possible (Figure 5).  As the plates separated further, the newly 
created oceanic crust cooled, creating thermal subsidence in the region 
(Winker & Buffler, 1988).  The result was a limited inflow from the Pacific 
Ocean into the Gulf of Mexico basin, that was outweighed by the outflow from 
evaporation (Salvador, 1991a).  The eventual completion of the rifting of the 
Gulf of Mexico removed the heat source that was keeping the basement 
strata elevated, causing a thermal subsidence on the regional scale (Salvador, 
1991a).  The regional thermal subsidence caused the depositional 
environment of the Challenger Sequence to change from a shallow marine 
environment producing carbonate strata, to a deeper marine setting that at 
first produced marls (Winker & Buffler, 1988), and then eventually shales 
(Figure 5).  Midway through the Challenger sequence the First Deposition 
Episode came to a conclusion as the First Growth Episode started (Weimer & 
Buffler, 1992). 
 
First Growth Episode 
The growth of the First Growth Episode began during the Early 
Cretaceous, in which the late stages of the Challenger Sequences were being 
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deposited; this concurrent deposition and growth resulted in the onlap 
structures that are present in the upper sections of the Challenger Sequences 
(Figure 8).  Throughout this sequence the shoreline of the Gulf of Mexico 
moved closer to its present-day location, and as a result, the center of the 
deposition in the Gulf of Mexico changed (Salvador, 1991a).  This shifting 
deposition center placed high depositional loads onto sections of the Gulf of 
Mexico that had not previously seen high sedimentation loads, inducing 
movement within the Louann Salt layer below.  Within the study area this 
salt movement was manifested as salt pillowing, on which the remainder of 
the Challenger Sequence were deposited during the salt pillowing (Grando & 
McClay, 2004).  The concurrent deposition and growth resulted in the onlap 
layers that are present in the upper sections of the Challenger Sequences 
(Figure 8).  As a result of the folding and growth during the early Cretaceous, 
extensional faults began to form along the ridgeline of the Frampton Fold 
(Figure 8).  Partway through the Cretaceous the depositional environment 
changed from net deposition environment to a net erosion environment.  The 
pause in deposition of sediment allowed the salt motion to halt, and to stop 
any growth that was occurring in the study area at the time, and is present 
within the seismic record as the MCSB.  The First Growth Episode came to a 
conclusion, at the end of the Late Cretaceous when the MCSB occurred 
(Figure 10).      
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Figure 10:  Previous Chronostratigraphy 
Chronostratigraphy from the Grando and McClay 2004, with lithologies from 
(Weimer & Buffler, 1992; Feng & Buffler, 1991; Weimer, 1990; Wu, Vail, & Cramez, 
1990a; Winker & Buffler, 1988) 
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Second Deposition Episode 
The Second Deposition Episode began shortly after the conclusion of 
the Lower Cretaceous, and coincides with the MCSB at 96 mya, and comes to 
a conclusion at approximately 9.1 mya during the Mid-Late Miocene.  The 
86.9 million year time stretch includes the deposition of the Campeche, 
Lower Mexican Ridges, Middle Mexican Ridges, and early portions of the 
Upper Mexican Ridges.  With the exception of the Upper Mexican Ridges, 
these formations are thought to be deep marine shales, chalks, and marls 
(Rowan, Trudgill, & Fiduk, 2000; Buffler, 1991; Feng & Buffler, 1991; Wu, 
Vail, & Cramez, 1990a).  The balance that was established between 
deposition and thermal subsidence at the end of the First Deposition Episode 
continued through the Second Deposition Episode, keeping the water depth of 
the Gulf of Mexico close to current conditions (Weimer, 1990).  The changing 
of the deposition center location during the Second Deposition Episode 
changed the composition of the units that make up the Second Deposition 
Episode, leading to the transition of the lithologies to the turbidite deposits 
that began to occur during the Upper Mexican Ridges (Figure 10).  Partway 
through the Upper Mexican Ridges, onlap structures are encountered, as the 
remobilization of the Louann Salt occurs, bringing the Second Deposition 
Episode to a close. 
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Figure 11:  Chronostratigraphy for the Current Study 
Interpreted chronostratigraphy from this study.  Image adapted from Grando & 
McClay 2004, with lithologies from (Weimer & Buffler, 1992; Feng & Buffler, 1991; 
Weimer, 1990; Winker & Buffler, 1988)  
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Second Growth Episode 
The Second Growth Episode for the study area began midway through the 
deposition of the middle of the Upper Mexican Ridges, and progressed 
through until the end of the Cinco de Mayo (Figure 10).  This is apparent by 
the onlap features that formed in the upper layers of the Upper Mexican 
formation starting at approximately 9.1 mya (Figure 12).  As the folding 
commenced during the Middle Miocene the autochthonous salt layer began to 
experience salt inflation across large section of the Atwater Fold Belt, 
causing extensional box faults to begin forming along the crest of many of the 
anticlines in the region (Figure 12) (Hall, 2002).  Further to the west along 
strike of the Frampton Fold the landward fault begins to exhibit asymmetric 
growth, growing in greater proportions compared to the basinward fault 
(Figure 13).  The asymmetric growth was a result of the asymmetrical 
stresses being applied to the study area from the sediment landward be being 
pushed basinward by gravitational extension.  The combination of continuing 
salt inflation and growth of the landward fault, caused the landward fault to 
reach the Louann Salt, creating a conduit for salt movement from the 
autochthonous layer to the upper levels of the strata (Figure 13).  By the end 
of the Miocene, the majority of the faulting was completed; this is evident by 
the lack of faulting in the upper layers of the Upper Mexican Ridges and the 
Cinco de Mayo, although onlap layers are present throughout the deposition 
of the Cinco de Mayo (Figure 8).  This is an indication that the growth 
30 
 
throughout the Cinco de Mayo was a result of continued folding of the study 
area.  The lack of onlap layers above the Cinco de Mayo shows that there is 
no growth past the end of the deposition of the Cinco de Mayo, and marks the 
end of the Second Growth Episode. 
 
Figure 12:  Salt-cored Anticline 
Seismic line from current study area showing the main deposition and growth 
sequences, and the salt-cored anticline.  Location of the line is shown on Figure 3. 
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Third Depositional Episode / Mississippi Fan Deposits 
The final sequence of Grando and McClay's study was the Third 
Deposition Episode which  started approximately 2.6 mya, in what coincides 
with the end of the Cinco de Mayo (Figure 10).  This sequence comes 
completely from the deposition of the Mississippi Fan within the study area.  
The change from the previous growth sequence to the current deposition was 
caused by the deposition centers that were present in the northern Gulf of 
Mexico during the Miocene, moving further offshore from the Louisiana coast 
closer to the current study area (Figure 6).  Previous studies by Weimer on 
the Mississippi Fan focused on understanding the composition and timings of 
the mass transport sequences that make up the Mississippi Fan, and was not 
concerned with the influence that the Mississippi Fan deposition would have 
had on the growth of the Green Knoll Diapir.  The conclusion of Grando and 
McClay's for the late Mississippi Fan deposits was that the growth of the 
Frampton Fold had concluded after the completion of the first Mississippi 
Fan sequence, the Cinco de Mayo, and the remainder of the deposition for the 
study area was included in the Third Deposition Episode. 
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Figure 13:  East Branch Thrust Fault 
Seismic line from current study area showing the main deposition and growth 
sequences.  Location of the line is shown on Figure 3. 
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 Figure 14:  West Branch Thrust Fault 
Seismic line and illustrations showing the main growth sequences of this inline 
located in the West Branch of the study area.  Location of the line is shown on 
Figure 3 
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II. Data & Methods 
Data Set 
 The data utilized for this study was part of a larger Western GeoCon 
3D survey of the region.  The data used for this study was subjected to 
limited processing before the interpretations were completed.  Normal pre-
processing steps were applied to the data before a Relative Amplitude 
Correction migration was performed on the data set.  No further processing 
was applied to the data after the RAC-migration, leaving the final data to be 
only time migrated.  It is on this class of data that the interpretations for the 
horizons in this study were performed. 
 The seismic horizon interpretations for this study are comprised of 
original interpretations, the starting point for the interpretations are derived 
from seed interpretations that were presented in the previous studies of 
Grando and McClay in 2004, and Weimer in 1990.  While the interpretations 
are assumed to be comparable to the previous studies, there may be some 
error associated with transferring the original seed points from the printed 
studies.  The horizons that were interpreted within the GeoFrame 4.3 
program suite can be found in Table 2, and the seismic stratigraphy used for 
this study is displayed in Figure 7.  While pre and post stack data was 
available for this study, program limitation of GeoFrame 4.3 limited the 
study to the use of post stack data.  For the majority of the study a spacing of 
35 
 
20 lines was used to pick the horizons in both crossline and inline directions.  
In regions where the dip of the beds became too steep to reliably pick at the 
aforementioned spacing, the spacing was dropped to either 5 or  10 lines.   
Along the flanks of the Green Knoll Diapir where the combination of poor 
imaging and the dips of the horizons were steep enough to make 
interpretation of the lines complicated with the conventional inline crossline 
approach, a radial technique was applied, in which a horizon was interpreted 
by rotating an active interpretation line around a central arbitrary point near 
to an area of interest. 
 
Formation Name Formation Ages 
Mississippi Fan Sequences 2-17 Present – 2.6 mya 
Cinco de Mayo (Mississippi Fan Sequence #1) 2.6 mya – 5.6 mya 
Upper Mexican Ridges 5.6 mya – 15 mya 
Middle Mexican Ridges 15 mya – 30.3  mya 
Lower Mexican Ridges 30.3 mya – 57 mya 
Campeche 57 mya – 96 mya 
Challenger 96 mya -  159 mya 
Louann Salt 159 mya -180 mya 
Table 2:  Formation Ages 
A list of the ages for the horizons that were picked for this study  (Rowan, Trudgill, 
& Fiduk, 2000; Weimer & Buffler, 1992; Buffler, 1991; Wu, Vail, & Cramez, 1990a) 
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Variance cubes 
 Using a feature of the GeoFrame software package, I was able to build 
a variance cube from the given data for this study.  The variance cubes that 
were constructed for this study had a xy window of 5 lines in both the 
crossline and inline directions, and a z window of 250 ms from a given 
reference point.  This spacing created a window to which the reference point 
was compared.  In places where the reference point had a high value 
coherency, with very little change compared with the points in the 
surrounding window, the reference point is assigned a high value.  In places 
where the reference point had a low value of coherency, with considerable 
change from the points in the surrounding window, the reference point is 
assigned a low value.   
The purpose of creating a variance cube for this study is that a 
variance cube is an excellent tool for locating and observing faults within 
study areas, since the horizon on either side of the fault will not show a high 
value of coherency.  An unintended benefit of constructing the variance cubes 
for this study was that the channel systems and sedimentary structures of 
the Mississippi Fan Sequences were also more readily observed and 
identified using time slices of the variance cubes, compared to the standard 
RAC-migrated data of this study. 
37 
 
III. Results 
 Even though the East Branch had been the subject of a previous study, 
it was important to include it in this study as a starting point on which to 
base the subsequent interpretations.  While the work of Grando and McClay  
focused along dip of the Frampton Fold it was important to focus the 
interpretations along strike of the Frampton Fold, and to not stop at the 
flanks of the Green Knoll Diapir.  This would allow for any interpretation 
done in the East Branch to be linked to the West Branch interpretation.  
Finding the connection between the three sections of the study is an 
important component of this study, without it would be difficult to draw any 
conclusions from the interpretations.  The result of this study is that the 
study was divided into 6 chronostratigraphic episodes as shown in Figure 11.   
 
Episodes 
First Deposition Episode 
 This study came to much the same conclusion for the First Deposition 
Episode as Grando and McClay came to in 2004, with the First Deposition 
Episode starting during the rifting of Pangea and continuing through until 
midway through the Challenger Sequences (Figure 11).  While the lower 
strata of this episode the basement rock and clastic red beds, are mostly 
obscured beneath the salt layer in all three sections of the study, in some 
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locations of the study area parallel high-amplitude reflectors beneath the 
Louann Salt layer are visible, validating their presence in the study area. 
 Above the Louann Salt the first stages of deposition of the Challenger 
Sequences are deposited on top of the Louann Salt layer, with no growth 
occurring.  This depositional section of the Challenger Sequence is evident by 
the presence of parallel bedding in relation to the Louann Salt/Challenger 
interface (Figure 12, Figure 13, & Figure 14).  If growth was occurring 
concurrently with the deposition of the Challenger Sequences at this time, 
the boundary between the Louann Salt and the Challenger Sequences would 
contain onlap layers.   The uniformity of the timings of this episode across all 
three sections of the study area, with the episode clearly observable in the 
East and West Branches and partially obscured in the Green Knoll Section 
under the main mass of the Green Knoll Diapir, is an indication that the 
deposition of this episode was continuous across the study area.  The change 
from the parallel relationship of the two layers marks a change, from the 
First Deposition Episode to the First Growth Episode.  The time span for the 
First Deposition Episode begins when the rifting of Pangea commences in the 
Early to Mid-Jurassic, and lasts until the early stages of the Lower 
Cretaceous. 
First Growth Episode (Active) 
 The first main growth episode of the West Branch is very similar to the 
First Growth Episode of the Eastern Branch in that the first growth occurred 
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in the middle of the Lower Cretaceous, and ending at the MCSB (Figure 11).  
This is again evident by the onlap structures present in the upper sections of 
the Challenger Sequences across the study area (Figure 8, Figure 12, Figure 
13, & Figure 14).  This growth episode occurred as a result of the changing 
deposition centers, loading sections of the Gulf of Mexico that had not seen 
heavy deposition before.  The result was gravitational extension of the 
Challenger Sequences along the detachment between the interface of the 
Louann Salt and the Challenger Sequences, culminating in salt movement 
within the study area as salt pillowing during the First Growth Episode.  The 
concurrent deposition of the Challenger Sequences and the salt pillowing of 
the Louann Salt resulted in the onlap structures that are present in the 
seismic record of the study area.  As the environment turned from one that 
favored net deposition, to one that favored  net erosion, the driving factor for 
the salt pillowing in the study area was removed and the First Growth 
Episode came to a close with the formation of the MCSB at 96 mya. 
Second Deposition Episode 
The Second Deposition Episode is a uniform event that occurred across 
the study area, beginning at the conclusion at the MCSB event at the start of 
the Upper Cretaceous and continuing partway through the Miocene and the 
Upper Mexican Ridges (Figure 11).  The depositional environment during this 
episode was a deep water depositional environment which allowed the 
formation of the chalk, marls, and deep marine shales to form over a 
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prolonged period of time (Figure 11).  Within the seismic record of the Second 
Deposition Episode the sequences are characterized by many mid-amplitude 
to high-amplitude parallel continuous reflectors (Figure 7).  The lack of any 
onlap or other growth features within the study area during this episode is 
evidence that there was not any growth during this time (Figure 12, Figure 
13, & Figure 14).  As with the Second Deposition Episode of the East Branch, 
over the course of this depositional episode the depositional centers moved 
closer to the study area (Figure 6).  Evidence of increased sedimentation 
closer to the study area is found by the changing lithologies from the Middle 
Mexican Ridges to the Upper Mexican Ridges, from deep marine shales and 
chalks to coarse grain turbidities (Weimer & Buffler, 1992; Feng & Buffler, 
1991).  This increased loading near the edge of the basin during the middle 
Miocene was the trigger that was needed to re-initiate the salt movement for 
the Second Growth Episode, during the Middle Miocene.   
Second Growth Episode (Active) 
The Second Growth Episode of the study area, commenced during the 
Middle Miocene as the depositional loading at the edges of the Gulf of Mexico 
began to cause gravitational extension as the landward sediment began to 
extend into the basin, by the means of extensional faults.  The lateral 
compression from the gravitational extension landward of the study area 
induced folding within the study area creating the majority of the growth for 
the Frampton Fold.  In time slices of the wider region surrounding the study 
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area, the Frampton Fold as well as the fold to the north, referred to within 
this study as the Mad Dog Fold, are both clearly imaged (Figure 15).  It is 
possible to note that the trend line and for both the Mad Dog and Frampton 
Fold mirror closely to each other, including the change in orientation in the 
central sections of both folds (Figure 15).  While the change in orientation is 
clearly visible in the Mad Dog Fold, the location for the change in orientation 
in the Frampton Fold is obscured by the Green Knoll Diapir.  The importance 
of this is that the location of the change in orientation of the Frampton Fold 
occurs near to the present-day location of the Green Knoll Diapir. 
 
  Landward of the Frampton Fold, the Sigsbee Salt Nappe began to be 
extruded over top of the autochthonous Louann Salt, capping the growth of 
many salt bodies.  This left considerable pressure within the autochthonous 
salt layer to expand basinward towards the Frampton Fold (Hall, 2002).  The 
resultant salt movement within the autochthonous Louann Salt towards the 
basin, caused the Louann Salt within the study area to undergo a period of 
salt inflation.  The salt inflation within the salt core Frampton Fold caused 
extensional box fault to form along the crest of the fold, and is clearly imaged 
in Figure 12.  The continuing pressure from the extension of the landward 
formations applied an asymmetrical force within the study area to the 
Frampton Fold.  The asymmetric forces caused the landward fault of the 
Frampton Fold to grow in greater proportions than the basinward fault 
42 
 
creating a thrust fault along the Frampton Fold.  Near the eastern limits of 
the data in the East Section, the thrust fault is not clearly expressed instead 
it retains the salt-cored anticline structure that was formed in the early 
stages of this Second Growth Episode (Figure 12).  Further west along strike 
of the Frampton Fold the thrust fault is more clearly developed, as seen in 
Figure 13. 
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Figure 15:  Frampton Fold and Mad Dog Fold 
Time slice of the surrounding area around the study area, showing the trend of the 
Frampton Fold and the Mad Dog Fold. 
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 Calculations of the shortening present in the East Branch that were 
completed by Grando and McClay in 2004 showed the eastern limit of the 
East Branch, which contained the salt-cored anticline (Figure 12), had 
experienced shortening between 1.4 - 1.8 kilometers (Grando & McClay, 
2004).  Compared with the western limits of East Branch, which had 
undergone asymmetric growth of the main growth fault, had experienced 
growth between 2.5 - 3 kilometers (Grando & McClay, 2004).  In the West 
Branch of the study area the growth fold became a much lower angle and 
deeper thrust fault (Figure 14) than compared to the thrust fault that is 
present in the west limits of the East Branch (Figure 13).  The deeper and  
lower angle thrust fault of the West Branch accommodated a greater amount 
of shortening than the East Branch thrust fault; although the lack of depth 
migrated data for this study limits the ability to quantify the amount of 
shortening contained within the West Branch thrust.  As the West Branch 
fault approaches the western limit of the data area a second diapir begins to 
appear and complicates the fault pattern, which cuts across strike of the 
West Branch.  Given the limited availability of data to the west, it was 
impossible to include this secondary diapir in the study area, although it 
certainly had at least some impact on the West Branch, possibly causing a 
salt weld to form.  Within the upper layers of the East Branch both the 
landward and basinward faults are visible in the variance cube, but are not 
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visible within the upper layers of the West Branch, due to the lower angle of 
the thrust fault in the West Branch (Figure 17).   
 
Green Knoll Section 
The Second Growth Episode for the Green Knoll Section started the same 
as the two other sections, but did not come to the same conclusion.  Utilizing 
the variance cube from the data focusing on the salt core of the anticline 
(Figure 15 & Figure 16) it is possible to see where the crest and extensional 
box faults from both branches of the fold formed.  The result is that the East 
and West Branch growth faults converged at an angle within the Green Knoll 
Section of the study (Figure 16).  Throughout the sinclinal basin in the of the 
study area the presence of small normal faults that trend close to 
perpendicular to the Frampton Fold are evident in Figure 16.  A possible 
explanation for these small north trending faults would be they were a result 
of the salt inflation that occurred during the Second Growth Episode.  The 
location of the change in orientation for the Frampton Fold, is also the 
location where the main growth faults for the East and West Branches  
converge.  The combination of the change in orientation of the Frampton Fold 
and the convergence of the main growth faults caused a complex structure to 
form during the Second Growth Episode within the Green Knoll Section. 
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Figure 16:  East and West Branch Fault Convergence 
A variance cube encompassing the study and surrounding areas, showing the 
faulting and convergence of the of main growth fault of the West and East 
Branches in a time slice at 7432 ms. 
 
47 
 
 
Figure 17:  East Branch Fault 
A variance cube encompassing the study and surrounding areas, showing the 
faulting of the of main growth fault of the East Branch in a time slice at 5704 ms. 
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While the East and West Branches both have the salt growth stopping 
well before it is expressed on the seafloor, the Green Knoll Section is affected 
by the convergence of the faults.  The convergence caused a connection to 
form from the autochthonous Louann Salt to the seabed during this Second 
Growth Episode, allowing the salt to flow onto the seafloor as the salt supply 
from below exceeded the sedimentation rate.  As the deposition of the Cinco 
de Mayo continued during the expression of the salt on the seafloor, onlap 
structures began to form on this proto-Green Knoll structure (Figure 18).  
The formation of the connection between the East and West Branches and 
the seafloor in the Green Knoll Section did not only affect the Green Knoll 
Section, but also provided a conduit for salt motion within the study area, 
releasing pressure on the two branches, allowing the growth by salt inflation 
on the branches to slow and stop completely.  Observing when the onlap 
layers stop forming on top of the proto-Green Knoll Structure this study is 
able to date the completion of the Second Growth Episode for the Green Knoll 
Section at the end of the Cinco de Mayo sequence.  This would correspond to 
a changing deposition center location further into the Gulf of Mexico, and 
closer to the study area (Figure 6).   
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Figure 18:  Proto-Green Knoll Structure 
Seismic inline and illustration from the study showing the proto-Green Knoll 
Structure, as well as the onlap structures present on top of the proto-Green Knoll 
Structure.  For location see Figure 3 
 
Third Episode 
Grando and McClay results in 2004 stated that there were five 
separate chronostratigraphic megasequences that were present in the 
stratigraphic column (Figure 10).  While the composition and timings of the 
lower strata from this study's interpretation complement Grando and 
McClay's findings, the upper strata of the Mississippi Fan do not.  Grando 
and McClay's conclusion for the upper strata of the Mississippi Fan show 
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that after the completion of the first sequence of the Mississippi Fan, the 
Cinco de Mayo, all growth in the study area stopped, and the remainder of 
the stratigraphic column was a single depositional episode.  Conversely a 
study that was done on the formation of diapirs of the Mississippi Fan by 
Rowan, Fiduk, and Trudgil in 2000, found that the formation of those diapirs 
were the result of passive growth of the diapirs throughout the entire 
deposition of the area.  Results from this study are that the upper strata of 
the Mississippi Fan can be divided into two sections (Figure 11): a deposition 
sequence starting at the end of the Cinco de Mayo and lasting until the start 
of the 12th Mississippi Fan Sequence, and the time from the 12th Mississippi 
Fan Sequence until present-day comprised of a final passive growth episode 
for the Green Knoll Diapir. 
 
Third Deposition Episode 
 The conclusion of this study is that the Green Knoll Diapir was formed 
as a result of the two active growth phases during the deposition of the lower 
strata, and one passive growth stage during the deposition of the upper 
Mississippi Fan strata.  The evidence for this change is a result of observing 
the dips of the sediment packages that are present along the flanks of the 
Green Knoll Diapir, with sequences 2-11 of the Mississippi Fan having one 
dip, and the upper 12-17 sequences of the Mississippi Fan having a separate 
dip, as observed on the crosslines in the study area (Figure 19 & Figure 20).  
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The presences of the channel structures from the Mississippi Fan also have 
an influence on the ability to say that the Third Depositional Episode from 
Grando and McClay should in fact be two separate episode.   Previously 
Weimer in 1990 had found the location of the two of these channels that lie 
within the study area, channel 4b (Figure 21) and channel 12g (Figure 22).   
While the previous studies by Weimer may have found the location of the 
channel deposits, the study in which they were found focused on the 
stratigraphy of the Mississippi Fan in the regional area, and not on the 
impact that the channels would have on understanding the growth of the 
Frampton Fold area. 
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Figure 19: Crossline #1 
Crossline of the study area showing the connection between the autochthonous 
salt layer and the proto-Green Knoll Structure.  For location see Figure 3 
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Figure 20:  Crossline #2 
Crossline of the study area showing the connection between the autochthonous 
salt layer and the proto-Green Knoll Structure, as well as the connection to the 
Green Knoll Diapir.  For location see Figure 3 
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Figure 21:  Channel 4b Location 
Location of channel sequences associated with the 4th Mississippi Fan Sequence.  
Image adapted from (Weimer, 1990) 
  
When observing the time slices of the variance cubes that were 
generated from the data of this study area it is possible to see the two 
channel sequences in the study area.  The presence of this channel running 
across the present-day location of the Green Knoll Diapir would suggest that 
at the time of the formation of Channel 4b, the Green Knoll Diapir was not 
having an effect on the seafloor bathymetry at that time (Figure 23 & Figure 
24).  Observing the Mississippi Fan strata above the Cinco de Mayo 
formation,  sequences 2-11 reveal that there are no indications of growth 
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features are present in the study area below the 12th Mississippi Fan 
Sequence.  The combination of these two observations provides a strong 
indication that during this time period the Green Knoll Diapir had not 
formed yet, and that the proto-Green Knoll Structure was still buried at the 
depth where growth had stopped at the end of the Second Growth Episode, in 
the Pliocene.  The result for this episode is that the episode starts at the end 
of the Second Growth Episode, and continues through till the 12th 
Mississippi Fan Sequence, approximately 0.500 mya (Table 1).  
 
Figure 22:  Channel 12g Location 
Location of channel sequences associated with the 4th Mississippi Fan Sequence.  
Image adapted from (Weimer, 1990) 
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Figure 23:  Channel 4b (north) 
Variance cube showing the north side of the Channel 4b leading into the location 
of the Green Knoll Diapir.  Image from a time slice of the variance cube at 4800 ms 
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Figure 24: Channel 4b (south) 
Variance cube showing the southern end of the Channel 4b exiting beyond the 
location of the Green Knoll Diapir.  Image from a time slice of the variance cube at 
5000 ms 
Third Growth Episode (Passive) 
The Third Growth Episode of this study is different from the rest of the 
growth sequences in the study, due to the fact, this is the only passive growth 
event in the study area, and involved only the Green Knoll Diapir.  The 
previous growth sequences that were responsible for the growth of the 
Frampton Fold were either tectonically or fold driven.  The timing for the 
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start of the Third Growth Episode comes from the onlap layers that are seen 
along the flanks of the Green Knoll Diapir at the start of the 12th Mississippi 
Fan Sequence (Figure 19 & Figure 20).  This strata level also corresponds to 
the Channel 12g, which is located to the west of the Green Knoll Diapir 
(Figure 22).  In observing Channel 12g in the variance cube time slice it is 
possible to see the interaction that the Green Knoll Diapir had on the 
bathymetry of the study area during the Third Growth Episode; creating the 
sharp bend to the south in the path of the channel just as the channel exited 
the Sigsbee Salt Nappe (Figure 25).  This is the interaction that was lacking 
between Channel 4b and the Green Knoll Diapir, showing that the Green 
Knoll Diapir was having an effect on the bathymetry of the sea floor starting 
at the 12th Sequence of the Mississippi Fan.  The onlap structures present 
along flanks (Figure 19 & Figure 20), coupled with the interaction between 
Channel 12g and the Green Knoll Diapir, is a good indication that the growth 
of the Green Knoll Diapir growth began at the start of the 12th Mississippi 
Fan Sequence, and continues through to the present-day. 
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Figure 25:  Channel 12g Time Slice 
Time slice of the variance from the study area showing the location and 
interaction of Channel 12g and the Green Knoll Diapir. Time slice at 4536 ms 
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IV. Discussion 
 Previous studies of the area have focused on components of the Green 
Knoll Diapir, the Frampton Fold, and the Mississippi Fan.  This study was 
designed to understand the three separate features as one complete feature, 
to better understand how the present-day structure formed.  The main 
question that this study looked to answer was which came first the Green 
Knoll Diapir or the Frampton Fold?  Did the Green Knoll Diapir form first as 
a passive growth diapir, which then affected the growth of the Frampton 
Fold, in what is termed a diapir-first model?  Or did the Frampton Fold form 
first with the Green Knoll Diapir forming after the completion of the folding 
of the Frampton Fold, in what is termed a fold-first model?   
Along the course of this study three main questions arose in order to 
determine which growth model was followed.  Did the previously studied East 
Branch and the unstudied West Branch of the Frampton Fold share the same 
growth patterns and timing, and if so to what extent?  How were the growth 
faults of the East and West Branches started, and how did they grow?  Was 
there growth associated with the Mississippi Fan deposits, and if there was 
what type of growth features are present? 
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Growth of East Branch vs. West Branch 
The relationship between the West and East Branches was an important 
question that needed to be addressed in this study, because if the growth of 
the Green Knoll Diapir predates the formation of the Frampton Fold, then 
each of the branches would not necessarily share the same growth patterns 
across the stratigraphic time column.  More than likely there would be some 
localized growth structure present in the study area that would be a result of 
diapir growth.  However if though the formation of the Frampton Fold 
predates the growth of the Green Knoll Diapir, then there should be a 
definite continuity between and within the branches in the strata that would 
predate the folding that formed the growth of the Frampton Fold.   
The key to understanding this point in the study area is contained within 
the First Growth Episode and the Second Deposition Episode.  If the Green 
Knoll Diapir was present before the majority of the growth for the study area 
and the Frampton Fold that occurred during the Second Growth Episode, 
then there should be some localized growth structures present near the 
location of the Green Knoll Diapir within the First Growth Episode and 
Second Depositional Sequence.  With the chaotic onlap layers that are 
present for the First Growth Episode as a result of the salt pillowing that was 
occurring concurrently with deposition of the upper layers of the Challenger 
Sequences, the lack of any organized growth structures that could be 
associated with the growth of a diapir is a possible indication of a fold-first 
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growth model.  Although the lack of organized growth structure within the 
First Growth Episode is not a definitive indication for a fold-first model, due 
to the possibility of those structures being lost during the subsequent growth 
within the study area.  Conversely if organized growth features were present 
then that would have been a definite indication for a diapir-first growth 
model.  Additionally, across the study area there is a lack of any growth 
features within the strata of the Second Deposition Episode. If localized 
growth was occurring throughout the depositional history of the study area 
then there should have been some localized growth features present. Instead 
the Second Deposition Episode is characterized by the continuous parallel 
layers of the Campeche, Lower Mexican Ridges, Middle Mexican Ridges, and 
Upper Mexican Ridges.  Due to the high degree of preservation of the Second 
Deposition Episode along the flanks of the Green Knoll Diapir, compared 
with the First Growth Episode, the lack of growth structures here are an 
indication of a fold-first model. 
 
West and East Branch Fault Convergence 
The question of how the growth faults started and how they grew is 
important because the different growth regimes would have faults that 
formed for different reasons.  The presence of a thrust in a diapir-first growth 
model would have the thrust fault forming as a result of shortening forming a 
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salt weld, which then would develop into a thrust fault leading away from the 
diapir as the shortening continues to occur.  The presence of the extensional 
faults near the eastern limit of the data area, caused by inflation of the salt 
core of the anticline, would seem to indicate another possible explanation of 
the faults in other parts of the study area.   
One of the results of this study is to say that the Frampton Fold predated 
the Green Knoll Diapir, and that the Green Knoll Diapir did not begin to 
form until the end of the Pliocene.  This would mean that the main thrust 
growth fault that was utilized as a conduit for the salt growth was not caused 
by the Green Knoll Diapir.  Instead the Green Knoll Diapir formed as a result 
of the convergence of the main thrust growth faults from the East and West 
Branches and the change in orientation of the Frampton Fold, creating the 
conditions to allow the salt from autochthonous layer to reach the surface 
during the Pliocene.  It was from this point that the formation of the Green 
Knoll Diapir began to occur. 
 
Link between Green Knoll and the Frampton Fold 
Previous studies by Rowan, Peel, and Vendeville in 2004 and Rowan, 
Trudgill and Fiduk in 2000 have used the assumption that the diapirs like 
the Green Knoll Diapir within the Mississippi Fan Fold Belts were the result 
of a diapir-first model.  The result of this study is that the reverse is true, in 
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that the Frampton Fold was the preexisting structure and that the Green 
Knoll Diapir formed as a result of the Frampton Fold, or the fold-first model.  
A major point for the diapir-first model is that following the Second 
Depositional Sequence the layers above the location of the Green Knoll Diapir 
would have such a thick layer that the Green Knoll Diapir would not be able 
to pierce the strata of the Second Deposition Episode.  The presence of the 
thrust fault in the East Branch forming the conduit between the 
autochthonous Louann Salt layer and the Upper Mexican Ridges that formed 
during the Second Growth Episode allowed for the salt motion to bypass the 
thick layers of chalks, marls, and deep marine shales that were deposited 
during the Second Deposition Episode, bypassing a key argument for a 
diapir-first model.  Indications that the proto-Green Knoll Structure was 
present on the seafloor during the Pliocene is the sharp basal contact of the 
salt layer on top of the Cinco de Mayo formation, and the onlap structures 
that are present at the top of the salt contact (Figure 18).  If the proto-Green 
Knoll Structure was not present on the seafloor during the Pliocene, the 
strata above the salt would be parallel to the salt contact.   
Another point of the diapir fist model is that if a fold model is 
employed then the growth of the diapir will deplete the supply of the salt 
around the stock of the diapir causing a subduction of the strata around the 
stock of the diapir.  While that would hold true, for most diapirs without an 
adequate supply of salt, the continued connection between the autochthonous 
65 
 
salt layer to the proto-Green Knoll Structure would also allow for the salt to 
be replenished as it was drawn out from the autochthonous salt layer.  The 
adequate supply of salt being supplied from the autochthonous Louann Salt 
layer would prevent the subduction of the strata closest to the salt stock.   
 
Growth of the Green Knoll 
With the growth of the Frampton Fold predating the Green Knoll Diapir, 
the true growth of the Green Knoll Diapir did not start till much later than 
previously thought.  At the end of the formation of the Frampton Fold a small 
proto-Green Knoll structure began to form, utilizing the link from the East 
and West Branch faults, during the Pliocene.  As the depositional loading 
continued from the Sigsbee salt sheet, and combined with the deposition of 
the Mississippi Fan in the minibasin to the north, between the Sigsbee 
Escarpment and the Frampton Fold, the growth of the Green Knoll Structure 
resumed from the proto-Green Knoll Structure, eliminating the need for the 
Green Knoll Diapir to pierce the complete Second Deposition Episode from 
the autochthonous salt layer approximately 12 kilometers down.  This 
structure was present during the Pliocene, but was deposited over by the 
deposition of the Mississippi Fan Sequences.  By the 4th Mississippi Fan 
Sequence there was no topographical expression of the proto-Green Knoll 
Structure on the seafloor.  This is evident by channel 4b which cuts across the 
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present-day location of the Green Knoll Diapir, and shows no influence from 
terrain features on the path of the channel (Figure 21, Figure 23, & Figure 
24), it is not until the Channel 12g that there is any indication of the terrain 
influencing the path of the channels (Figure 22 & Figure 25).  There is also 
evidence of onlap structures along the flanks of the Green Knoll in the upper 
sections of the Mississippi Fan, but not the lower sections of the Mississippi 
Fan (Figure 19 & Figure 20).  This gives the Mississippi Fan Sequence two 
separate dips that serve as an indication that there were two separate events 
that occurred during this time period.  During the complete deposition of the 
Third Sequences, there is a lack of active growth features, such as faulting or 
folding.  The lack of these active growth features gives an indication that the 
growth in the Third Growth Episode was passive rather than active growth.   
The shape of the Green Knoll Diapir also gives an indication of the 
passive nature of its formation (Talbot, 1995).  As a diapir grows with the 
continuing deposition of the surrounding rocks, the shape is influenced by the 
ratio of the diapirism from below, and the sedimentation rate.  If the 
sedimentation rate overwhelms the diapirism from below, the diapir takes on 
a tapering regime.  When the diapirism rate from below exceeds the 
sedimentation rate the diapir will take on a flaring regime, that closely 
resembles that shape of the diapir.  While it is possible to determine the ratio 
of the diapirism to the sedimentation rates by measuring the angle of the 
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diapir contact to the strata, the lack of the depth migrated data in this study 
prevents these types of measurements from being made. 
 
V. Conclusion 
The conclusion is that the growth of the study area follows a fold-first 
growth model.  The Frampton Fold formed during the Second Growth 
Episode and was followed by the formation of the Green Knoll Diapir during 
the Third Growth Episode.  The formation of the Green Knoll Diapir was 
made possible by the connection that was formed to the seafloor at the end of 
the Second Growth Episode.  The connection was a result of the convergence 
of the main growth thrust fault from the East and West Branch of the Second 
Growth Episode that formed as a result of inflation of the salt core of the 
Frampton Fold, and the one-sided compressional force that helped cause the 
formation of the Frampton Fold.  The presence of the Channel Sequence 4b 
cutting across the location of the Green Knoll Diapir led to the conclusion 
that the current location of the Green Knoll Diapir was not the location of 
any diapiric growth during the lower portions of the Mississippi Fan.  The 
Green Knoll Diapir started its formation at the 12th Mississippi Fan 
Sequence, as the Channel Sequence 12g showed influence from the presence 
of diapiric growth to the East.  When the onlap features began to appear on 
the flanks of the Green Knoll Diapir at approximately the 12th Mississippi 
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Sequence, the Third Growth Episode begins.  Starting the formation of Green 
Knoll Diapir as a passive growth diapir.  Prior to the Third Growth Episode, 
the growth of the study area had been linked to the active growth of the 
Frampton Fold. 
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